Congestion control in wireless networks is an important issue to be addressed. Solutions exist for single radio, single channel assignments. However, congestion control in wireless radio, multichannel wireless mesh networks play a significant role in the network communications. This problem is more complex because multiple radio channel assignment and traffic monitoring per channel are both to be jointly solved. In this work, we present a solution to solve both the problems by dividing the problem into two sub problems. One part solves the congestion control and the other part solves the channel assignment sub problem. We solve the congestion control sub problem by distribution of traffic to a set of radio paths. This solution provides channel congestion information which is used to solve channel assignment sub problem. This is an iterative procedure which increases the overall network utilization. Compared to the previous works in multi radio wireless mesh networks, we show that our approach yields significant improvement in the network utilization.
INTRODUCTION
Mesh networks can achieve greater speed by spreading out multiple radios in orthogonal channels. These networks also have the potential for interference mitigation (via) use of multiple channels, which introduces flexibility to allocate resources spatially and controls congestion. In this work, we address the joint congestion control and channel assignment problem using an iterative, decomposition approach. This approach first determines a congestion-control driven channel assignment, and then for a given assignment, achieves the best distribution of traffic over possible combinations of radios. The channel assignment also ensures a high utility. We derive the feasibility conditions for congestion control problem in a given channel, which provides significant awareness of the actual congestion limits. Then we solve channel assignment sub problem which takes information from congestion control sub problem. We derive that a new channel assignment yields an increase in the network utilization.
First, for the congestion control sub problem, we account for multi radio, multi channel nature of the network. We reduce the traffic by distributing them to appropriately selected set of radio paths. For different radio paths this also provides a solution for traffic distribution problem. When convergence takes place this solution provides the transmission rate for each radio-to-radio link, which operates in different channels, under the interference and congestion conditions. Second, we use the above solution of congestion control to solve the channel assignment sub problem. Lagrange' Multipliers are used to interact with the two sub problems which can (1) locate the deficiencies of the previous iteration and motivate new changes (2) provide a local classification of the channels. These also impact the channel assignment on the global network fairness objective. The results in turn determine the new interference conditions and shape the congestion control problem of the next iteration. This approach can achieve significant network utilization and a wide range of fairness objectives.
RELATED WORKS
In the Context of wired networks we will study congestion control as a utility Maximization problem [8] [11] . Studies of wireless networks using the utility maximization frame work include congestion control under asymetrics due to carrier sense [6] ; joint design of congestion control and power control [4] , incorporation of clique-feasibility constrains [23] , joint design of congestion control and scheduling [5] [9] .The joint problem addressed is unique in that it is discrete and combinatorial in nature. In wired networks, we use utility maximization models for multipath routing [7] [10], but in wireless networks it does not incorporate spatial resource allocation aspect. The channel allocation in multiradio networks has been studied with an objective of load-aware, interferenceavoiding channel assignments [12] [13] .We consider fairness objectives and channel assignments together with throughput maximization and routing. Recent approaches employ exhaustive search for the channel assignment problem. We propose a joint solution for both congestion control and channel assignment algorithm interacting with a multi-radio, multichannel congestion controller. Section II describes the network model and the problem statement. Section III proposes the feasibility conditions for the proposed model. Section IV describes the channel assignment and the eligibility conditions for the model. Section V discusses the Algorithm implementation. Section VI provides the Experimental Results and section VII gives conclusions of this work. between end points. The set of these logical links are denoted L with L=|L| .The data transmission through these links must be with a constant rate c L. This Network consists of K orthogonal channels of equal bandwidth. R that are equal to "one" if route of source s is using link l and "zero" otherwise. We denote D the maximum route size and denoted , the space of all acceptable channel assignments.
A. Problem Statement
Let P denote the traffic distribution options in the network for a given channel assignment and j the available capacity of resource j. The joint congestion control and channel assignment problem can be described as follows:
The difficulty in solving channel assignment problem is that it forms integer variables and determines channel participation of radios and links. We mainly use a decomposition approach which divides the problem into two sub problems. The congestion control sub problem uses a fixed channel assignment and accounts for conditions that help in distributing traffic up to the congestion limits of network resources. Based on the computed source rates, the channel assignment sub problem utilizes Lagrange"s multipliers and link utilization from congestion control sub problem. The two sub problems are solved until termination.
CONGESTION CONTROL
Here we limit the congestion control sub problem to fixed channel assignment .The main goal of this problem is to derive rate adaptations and exploit transmissions from multi radios and different channels. This is achieved by constructing a set of radio paths for traffic distribution and by deriving an appropriate set of feasibility conditions for traffic to share channels and time slots.
A. Path Construction
In multiradio networks we have multiple channel assignments to spatially distribute the network capacity. Here the total incoming traffic at each intermediate is arriving from multiple radios and should be split to each of the outgoing links .We construct a set of radio-to radio paths for each node-to-node route S as follows: Starting with link e adjacent to source S, we create one path p for each common channel between its end points tr(e), rcv(e).For subsequent links of route e",for each common channel between its end nodes ,we append the corresponding radio-toradio link to all the paths constructed for the previous link. This results in set of paths p s , for each source S. our congestion design distributes the traffic across a set of the paths p s. for each source S. The number of paths p s=| p s | for each route S is equal to product of common channels at each link along the route. The number is upper bounded by (max ) The clique based formulation introduces the complexity of computing all maximum cliques in a graph which is generally an NP-Complete problem and a time consuming computation in practice. Given radio paths and feasibility conditions, we formulate the congestion control sub problem as the following utility maximization ratio. (4) Here each source S is physically located at a given node from multiple combinations of traffic distribution in its path set P s . Our radio path based formulation enables convergence to a unique solution for multipath routing problems in wireless networks [10] 
C. MRMC-CC
The solution to MRMC-CC exact can be found by considering LaGrange"s multipliers associated with each constraint. The procedure can be summarized as follows [10] : At each iteration K, (i) The distribution of traffic of source S,to the radios of the path P is given by: 
CHANNEL ASSIGNMENT
In change of discrete constraint coefficient lj F which will produce new The above solution of congestion control yields optimal paths and source rates for a given channel assignment. For very small networks, exhaustive search is not feasible due to large number of channel assignments. Hence, we are proposing this solution which solves congestion control and channel assignment sequentially. Given a solution X of the congestion control sub problem that results from channel assignment , we seek new channel assignment | that will yield a congestion control sub problem | X of higher aggregate network utility in the next iteration .The new channel assignment | may remove traffic from highly congested resource or add bandwidth to the resource. The above approach would not necessarily yield a channel assignment that will result in the increase of network utility function. The key idea of our channel assignment algorithm uses Lagrange"s multipliers to identify most congested Cliques. Within these Cliques local Channel Modifications are done resulting in new links may be added or deleted. From the optimization view point, if we perform Channel modifications it results constraint for the next iteration. Here we have to find out that which channel modifications will guarantee to increase network utility function. Our algorithm will find out such channels by utilizing the traffic vector X of congestion control sub problem. We introduce a channel assignment algorithm that incorporates the channel modifications and conditions. The channel modifications may be link based or radio based. Link based modifications involve switching both radios of a radio link to a different channel. Radio based modifications involve switching only a single radio to a different channel. Link based modifications result in a more link switching channels. 
A. Link Deletion

C. Channel Assignment Algorithm:
The proposed algorithm selects channel reassignments at each iteration of the congestion control channel assignment loop. Its If no modifications are found the algorithm proceeds to next Clique, otherwise the algorithm terminates by selecting the modifications that yields the maximum movement of aggregate traffic for both link deletion and link reinforcement. The output of the above step will serve as input for the congestion control sub problem of the next iteration. If no eligible channel modification is found for any clique, the algorithm terminates at NULL output. This also terminates congestion control/channel assignment loop since no further improvements can be guaranteed by channel assignment.
ALGORITHM IMPLEMENTATION
In this section we evaluate the performance of our algorithm and compare it in [1] , which introduces an optimization frame work to jointly determine routes and channel assignments that optimize aggregate throughput. We first discuss the algorithm implementation and then evaluate the performance.
A .Implementation
We have implemented our joint congestion control and channel assignment framework using custom simulator in Java 2.0. And run on a personal computer with Pentium IV cpu at 2.6 GHZ.
The following algorithms are used
B. Maximum Clique Enumeration Algorithm
We will use this algorithm at network initialization to find out maximum Cliques given node locations and interference relationships. This results in an NP-complete problem for arbitrary graphs but there exists efficient algorithm for graphs in wireless networks. We can also use this in large topologies implemented by a greedy heuristic technique.
C. Congestion Control Algorithm
This algorithm provides a fixed channel assignment and a set of computed radio paths. This algorithm is iterative and requires simple algebraic operations of lower complexity.
D. Channel Assignment Algorithm
This algorithm provides low complexity since it only involves local searches in most congested cliques. The eligibility condition allows us to select good channel modifications thru algebraic manipulators without verifying congestion control sub problem.
E. Performance Evaluation
The approach followed in [1] 
F. Grid scenario
This scenario is shown in figure 2(a) and uses custom simulator, nodes have equal number of 802.11a radios M, with rates range from 6Mbps to 54Mbps with maximum transmission rates ranges from 30m to 90m respectively. Maximum interference range is 180m;The distance between two adjacent points in 8X8 grid is 58.5m and 60 nodes are placed in the grid randomly.here number of radios per node is M and number of channels are K.for each (M.K) number of gateways are 2 to12.The reported average and minimum source rates are averages across all gateways configured.
G. Chaska scenario
Figure 2(b) depicts the 194 node topology mesh network deployed in Chaska. The transmission range is 250m and interference range is 400m.The bit rate of this topology we considered is 11Mbps.This is a large topology with non-uniform density. so that we use 24 out of 194 nodes as gateways. The reported average and minimum source rates are averaged across all the traffic matrices. 
EXPERIMENTAL RESULTS
CONCLUSIONS
In this work we have jointly addressed the problems of congestion control and channel assignment in multi radio, wireless networks with a single algorithm. The key contribution of this paper is due to traffic distribution to a set of paths that characterizes the radio and channel transmission capabilities. We follow a decomposition approach where congestion control and channel assignment problems are solved iteratively. We used this iterative approach on Grid and Chaska topologies and obtained good results. This approach outperforms existing approaches and yields rates and channel assignments that achieve high network utilization
